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(54) CnOCOB W3rOTOBJlEHl45? TOCPPMPO- 
BAHHOfO CTAflbHOrO n/lACTblPfl 
(57) CymHOCTb M3o6peTeHna: TepMoo6pa6oTKy 
n/tacrup* ToicaMM BweoKort **acTOTb> ocymecr- 
b/irk>t nocne ro4>pMpoaaHw»» a cNia30MHtia 
c/iofl naHOCflT nOBTOpHO noc/ie oxna^eHMp. 
npeA^araeww^ cnoco6 no3aonaeT aa c^er no- 
BUUieMMfl n/iacTMMMUx cboActb MeTan/ia Ha- 
AexHO o6ecneMMTb fepMe™3auw*o 
peMOHTupyeMOro yMacnca cxBa*w«b<. 1 Tad/i. 



WaoSpereHvte othocwtcp k o6pa6oTxe Me- 

TBfl/ia ABBJieHViBM, B M3CTH0CTH K TeXHOJK>rHM 

MaroroaneHUR ro4>pMpoaaMHbix rpy5. 

Ochobmwmvi onepauHJiMM b TexHonorMne- 
ckom npouecce H3roTOB/ieHw* tohkoctchhux 
ro<t)pMpoBaHHbix Tpy6 »B/iAetcfl xo/iOAHaa Ae- 
<j>opMBMMfl. HanpvtMep BO/K>MeHi*e w npoxamca 
tpyb, xwMM^CKaR o5pa6oTxa. t e pmwh^ckb r 
o6pa60Txa a/** chrtwr oct3tommmx Hanpaxe- 
hw&, ao3HwicaK>mwx B pe3y/ibTaT6 AB4><>P Ma ' 
uvw * npo4>w»MpoeaHMn mctoaom H3«mCM. 

W3eect9H cnoco6 wsroroB/teMMR Tpy6 c 
npoAonbHb^MU ro4>paMM nyreM AayxaTanHoro 
<j>opMOB3MWR Tpy6w-3aroTOBKw. npMMBM na 
nepaoM 3T*ne ee rtxfrpwpyiOT paAwa/ibHUMti 

yCM/IMRMM. a H3 BTOPOM 3T3ne o6**M3lOT B 

npo^vtflwpoaaHHO* ao/ioxe. 

O^Maco ©oannxaioiuue b pe3ynbTare 
CJiQ*HO« Ae<t>opMa^ii ocTarosHbie wanpHMe- 
hm« He ask* AoctaTOMHOiS nonepeMMOft npon- 

MOCTW, M«Tan/l CTaHOBMTC« XpyflKMM M 



nenpuroASH b xasecTBe .mactbipa npn peMOH- 

T8 06CaAM0ft KO/IOHHW B CKB3**He. 

£hr chrtmr ocratOMHbix ManpRaceHM* rpy- 
6unoABCpraiOYTepMWM6CKOft o6pa6oTKe - ot~ 
xviry b nenax wna nCO-06 w/iia ^0-09 w 
nonyneHMfl Ha Tpy5ax oxi/ictiofi nneHxn, bw- 
no/iHRiomeft $yHKi\wn noAMa30MHoro noKpw- 
thr m o6noAaiome& AOCTaTOMHow 
nopwcTOCTbio n 3ACOp6anOHMOrt cnoco6HO- 

CtblO X CMB3Xe. 

MsBecreH xaiwe cn6co6, npvt kotopom 
TOHxocTeMHwe npo4>M/ibHwe rpy6w npae»T 
pacTWxeHMCM w pa3A3 1 *ea c HarpeooM na anex- 
TpoTepMWMccxoM o6opyAOB8Hwn. CHa^ana 3a- 
rOTOexy xpy6w narpeaaiOT TOKawn 
conpowBWMMR ao raMnepaiyp* OT>xnra. a 
33T6M ttocne ox/iaxAenvi* pa3Aaior npn homo 

HeAOCTarox cnoco6a aaxJiJO^aeiCR a tom. 

HTO flp«4 M3/l05S<eHWM f»ABCTWpfl H3 K6OT0XC)Ker<- 

hwx Tpyd MoaceT iipomcxoawth p33pue no 
npCKjvw^bHO^ o&paayiomeiV 3 npv; ManoxefiwM 



i 



BEST AVAILABLE COPY 



1749267 



nnacrwpfl m3 oxo* ttenHwx TpyG c nocne/iyK)" 
m^M ro4>pwp08aMneM mojkct r.poncxOA MT *» 
paaoeaHwe.MWKpoipeiMMH oo enaAwnax u H3 
ewcxynax npOAOAbHbix ro<t>P n P M Ae<|>opMaunu 
hxao UMnwwAPMMecxow cf>opMbMCorAa ee nnox- 
HO npW)KMMa»OT (H3X3XbfB3K)T) AopH*py>ome* 
ronOBKO* * BMyrpeHMe^ noeepxHOcru o6caA- 
ho* xoaohhw. B peay/itTare ne o6ecnenuBa- 
erca naaexHocxb repMerwaauwu w3-aa 
MM3KOW n/iacTvtsHOCTvi MexaAAa ro<J>pupoeaH- 
HOro n/iacTup», 

Uenbfo n3o6peT6HHfl ABAAexcfl noswiue- 
Hue naAe* hocxw repMexw3auvw o6ca>xeHHOH 
ckb3)kmhu nyreM nOBbiiueHMa nnacxtmnocxvi 
Mexanna nnacTupa. 

CyiuHOCTb M3o6pexeHi>iA 3axniOMaeTca b 
tom, hto TepMOo6pa6oTxy TOxaMU Bbicoxow Ma- 
ctotw ocytuecxBn**ox nocne roGpwpoBanwfl, a 
.3axeM noBTopHO HaHocflT CMa30HHua cno*. 

B pe3y/ibTaie 3HaxonepeMeHHbix Ae<J>op- 
MauMft, KoropwM noAoepraeics MeTanna Tpy6 
npw ro^p^pOBanmi xax a npouecce voroxoB- 
neHwa nnacxbipe*. Tax h npw pa3Aase e npo- 
uecce ycxaMOBX* a cKeaxviHax. nponcxoAWT 
3naMHTenbHoe ynpoHHenwe MexaAAa, npwseM 
Hau6oAbtiine sh&hqhw* ynpOMHeHW* npwxOA- 
rtc« Ha BhaAflHW ro<{>pwpOBaHHwx Tpy6. 

H3MeHeMwe TBepA°cxw (Hv) craAw Mapxn 
10 npw xepMOOGpaSoxxe* ro<t>pnpoeaMMw vi 
pasAane nnacxbtpA noxa33Ho b Ta6/ivme. 

l/\3Ta6/iMuw bwaho. MTOTBepAOCTb MeTan- 
na nAacxap* nocne pa34aM* a o5caAHOft Tpy- 
6e AOCTwraeT Haw6onbWux 3H3MeHttft, ecnw 
nnacTbipb waroxaBAweaACR w3 HeTepMOo6pa- 
GoTaHHOiTi Tpy6w. flpvi ut3f oxoBneHHW nnacxw- 
pea U3 npeABapvirenbHO TepMoo6pa6oxaHHbix 
xpyrnbix TpyS opu ro^pupoeaHiiiA xeepAOCXb 
MecxortbKO CHw^aexcA no cpaaneHnK) c Hexep- 
M0o6pa6oxaHHbiMui 33f0TO8KaMH. ho nocne 
paaA3MM TBCpAocf*. B03pacxaex nonxw ao xoft 
ace eenviMMHW. mto w 6e3 xepMOo6pa6oxxw. no- 
cne repMMHecKoa o6pa6otKw ro<J>pupoB3HHwx 
xpy& c warpeaoM xoxaMw bucokom vacxoxu 
xaepAOCXb mx CHUwaexca 3HaMwxenbHO, a no- 
cne pa3AaHM ona Menbiue. mom y HexepMOo6- 
pa6oxaHHwx. 

B oxmiwe ot neMHoro mau ra30Boro H3- 
rpeaa npu o6pa6oTK€ saroxoexn toxsmm bucO- 
xoa ^ctoxu npowcxoAHx He3HamixeAbHoe 
M3MerteH*e <>opmw ee npo<J>wna, Ha nouepxHo- 
cxm xpy6u o6pa3yeTCfl xohxw* cnofl oxan^HW, 
KOTOpwrt ne oxcnaweaeTCfl b npouecce Ae4>op- 

M8UMM ~ 0a3AaMM. CMa30MHU* enow HaHOCWT- 

CP na 8HyrpeKHK)»o noBepxHOCTb 
OTO)K)xeMHWx npoAonbHO-ro<})pvipoBaHHbix 
rpy6 nocne ux ox/>a>KAeHM». Oh npeAOxpanweT 
BHyrpeHHiOK) noBepxHOCTb ot KOpp03no«Horo 
paapyuieHvtw a npouecce axcn/iyaxau^^ vt chm- 
>jceni4n oceowx ycw/i^w b npouecce pa3Aa^w 
nnaCTwpe^ 



H p m m e p. fln» peMOHxa oOcbahoh ko- 

nOHHbi A^ M ^TpOM 146 MM C TOnU4WIHO^J CT6HXH 
8 MM n/iaCTblpb H3rOra8AHBaKDT 143 TOHKOCTe*- 

hom Tpy6w A^a^erpOM 130 mm c toalumhom 
5 cTeHxvi 3 mm w3 CTann Mapxn 10. flnviHa Tpy6w 
9-11.5 m. 

Ha BHyTpeHHioKj noaepxHOCTb Tpy6w na- 
hoc»t cao^i rpa<t>utxOBOii mavi Apyroi^ cm33xw. 
npeAH33H3HCHHO^ An* CHUxcenviw ycnntii?i ro4>- 
10 pwpoB3Hna. ro<t)pwpoeaH«e u^nviHAP^ecKo^ 
TpyObi npon3BOAPT na cneunanbHofl ycTaHOB- 
xe nepe3 ponnxoByio ronoaxy c enyTpeHHeM 
npo<t>iiAbHOi?ionpaBKOW. floAyMaexcfl npOAOAb- 
HO-ro<t>pMpOBaHH3» xpy6a c Hapy^KHWM A>*a- 
15 MerpOM 1 1 6 mm vi mucaom ro<t>p 6 mam 8. 3aTeM 
npow3BOAHTCA pnxioaxa ro<t)pnpoBaHHOw xpy 
Gw nocne oxpesxu ee Ha aaASHnyio Annny. 

3aieM npow3BOA^TCR TepMUMecxaw o6pa- 
6oT*a npOAOAbHo-ro<t>pwpOBaHHOM Tpy6w - 
20 HopMann33uw» c narpeBOM xoxaMw bwcoko^ 
Macxoxbj Ha ycTanoBxe BMT 30/6. Hpvi axoM 
npoAOAbHO-ro4>pvipOBaHHa« Tpy6a ycTSHae- 
AMBaeTC* ropwaoHTanbHO Ha ponnxOBbix ono- 
psx w c onpeAeneHHO^ cxopocxbK) 
25 npoABuraexca sepea whayktop. 

OxnaxAeHwe Tpy6bi npow3BOAWTc« na 
eo3Ayxe. CMa3xa, xoTopa* 6wAa Hanecena ne- 
peA ro^pwpoBaHweM. ewropaeT. 

Tax xax a cxoa>KMHe npw ycxaHOBxe nna- 
30 CTupa Q MHTepBane peMOHia npon3BOAwxc* 
pa3Aa*a nAacxbipfl ao xpyrnovi <J>opMbi m npw- 
>xaTvifl x cxeHxe o6caAnoa Tpy6w. xo npw 3tom 

B03HMK3I0X 60AbUUHe KOHXaKTHblC Harpy3Kn 

Me>KAy nnscTwpeM m wHCTpyMenxoM aa« p33- 
35 Aasn. ^n« CHvixeHH» 3TMX H3rpy30X na anyr- 
peHHK)K) noeepxHOCTb nnacxupA h3hocmxc» 

BTOpWMHO CMa30MHWM CAOI4, KOXOpWVt CAyxCWX 
kaK AAA CHW^eHUA yCUAHfc, B03HMK3IOmMX npw 

paSAa^O nnacxbipfl. Tax h aa« npeAOxpaHeHwa 
40 3toA noaepxHocTM ot xoppoawOHHoro pa3py- 
menu* b npouecce SKcnnyaTau^w. 

CoMexaHUfl TepMWMecxo* o6p36oTKVt nAa- 
cxwpeft nocne ro4>pMpoB3Hw« w Hanf?ceHwe 
CMaaoMHoro cnofl Ha BHyTpeHHtoio noee^x- 
45 HOCTb nocAe xepMMMecxoft o6pa6oxxw no3ao- 
aak>t n o 9 bi cn t b nn acTMMHOCTb MexaAna 
HAacTwp o6ecneMMTb 5naroAapA 3xoMy na- 
Ae>^HocTt> repMexnaau^w peMOHTupyeMO^i 

" CXB3>KMHW. 

so 

<X> opMyna M300pexeH^« 



Cnoco6 MsroxoBAeHMA ro<|>pwp08aHHoro 
cTaAbHoro nAacxwpA. npenwyiuecToeHHO aaa 
55 peMOHTa o6ca>xeHHoA cxsaxviHbi. axmo^aio- 
mnvt xepM0o6pa6oTxy aarOToaxn. Hanecenne 

CM330MH0C0 CAOA H3 BHyTp6HH»OK) nOBCpXHOCTb 

3aroxoaxM m ee ro^pvipoaaHwe. oTnwHaotUH^- 
c fl xeM. vfro. c uenbK> noebiuieHUH naAoxMOCxiA 
repMeYM3auwn o5ca>xeHHOft cxa^ww n)P &A r>(> 
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BbiiueMWw n/iacTwsHocTi4 MeTa/ina nnacTMp*, ocymeCTB/iaiOT nooie ro^r^poeanw*. a saie™ 
YepMOo6pft60Ticy to*omh oucokoA Nactcrru noerapHO ManocaT cMa30^bii* caoPi. 



HcxOAHoe COCTOn- 
hm6 Matcpwa/ia 


' Bnao6oa6oTKH 


Ao ro<t>pMpoaaMMfl 


riocne ro4>pvtpo~ | 

B8HMJ5 


TepMOOGpaforKa 
noc/ie rcxfcpupoaa- 

Uhr) c HarpeeoM 

TOtCSMH BWCO- 

k.om nacTOTbii 




Eea T8pMOo6pa- 
6otjcm 


1570 


1750 




2020 


C TCpM006pfi60T- 
KOft 


1350 


1660 




1966 


6ea TepwooSpa- 
6otkm 


1570 


1750 


1350 


1750 



CocTaonreflb M.PoroxwHfl 
PeASKTOpH.ryHbKO Texpe fl M.MopreHxa/i Koppeicrop H.Myc«a 

3a«as 2565 ~ Tnpa* n 0fl nHCHoe 

BHlMnirt rocynapcTneHHoro KOM«TeTa no M3o6peTeN*»«M * oTKpfciwsM r,p M tkh i ccck 
1 13035, Mockb3. X-35. Payuicica« Ma6.. 4/5 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 



1749267 
4 



Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin- walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 116 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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